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[57] ABSTRACT 

In an antenna-selection diversity transmission and re- 
ception equipment which is in digital communication 
with a transmission and reception equipment having a 
single antenna, and performs transmission and reception 
with time division by using the same radio frequencies, 
the antenna-selection diversity transmission and recep- 
tion equipment comprises a plurality of antennae, a 
receiving part having a receiving unit, comparing unit 
and selecting unit which are adapted for a receiving- 
antenna selection diversity, and a transmitting part hav- 
ing a memory unit for storing antenna information that 
was selected by the receiving pan. An antenna for 
transmission is selected from the plurality of antennae at 
the time of transmission in accordance with the infor- 
mation of the memory unit. 

7 Claims, 7 Drawing Sheets 
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the plurality of antennae at the time of transmission in 
DIVERSITY TRANSMISSION AND RECEPTION accordance with the information of the memory means, 
METHOD AND EQUIPMENT A digital signal to be transmitted may be constituted 

by at least a preamble signal and an information signal, 
FIELD OF THE INVENTION 5 and the antenna selection of reception diversity may be 

THe present invention relates in general to diversity performed by the selecting means that is driven when 
transmission and reception method and equipment that the preamble signal is received, 
use a plurality of antennae, and in particular to diversity ™ e antenna-selection diversity ttansmiSMon and re- 
transmission and reception method and equipment in equipment may be provided in a base station, 

which are suited to communicate digital signals be- 10 and the transmission ^and reception equipment havmg a 
tween a fixed station with a plurality of antennae and a **gle ™y * P™ynted in a mobile sta ion 

mobile station with a single antenna. Io accordance with another important aspect of the 

present invention, there is provided a diversity trans- 
DESCRIPTION OF THE PRIOR ART mission and reception equipment which performs digi- 

In mobile communications, fading causes the fluctua- 15 tal communications with a transmission and reception 
tion of reception level and therefore deterioration in the equipment having a plurality of antennae and transmit- 
communications. As a method of reducing the fading, a ting a frame signal including at least a first signal uuer- 
diversity reception has been widely performed. In that v al which is transmitted from one antenna selected from 
case, a method is normally used which employs a plural- , n the plurality of antennae and a second signal interval 
ity of antennae spaced apart from one another. For which is transmitted with time division from the plural- 
example, there is known a method wherein two anten- ity of antennae in a predetermined sequence, compns- 
nae are spaced apart from each other so that the densi- a single antenna for receiving the frame signal; a 

ties of signals received to the antennae are not corre- receiving part for receiving each of signals of the sec- 
lated, the reception levels of the two antennae are mea- „ ond signal interval transmitted from the plurality of 
sured at all times, and an antenna of higher signal level antennae and received to the single antenna, the receiv- 
is selected. m S P art having level comparing means for detecting a 

If signals received to two antennae are not correlated, signal of highest level from the received signals of the 
a probability that the signal levels become lower to- second signal interval and transmitting the signal of 
gether with the both signals is then greatly reduced, and 30 highest level as a selection control signal; and a trans- 
consequently deterioration of the received signals be- mitting part having a selection-control-signal transmit- 
comes few. ting part to which the selection control signal is input- 

Various kinds of diversity reception methods are also ted, the selection control signal being transmitted 
known and described, for example, in "Jakes edited, through the single antenna to the transmission and re- 
Microwave Mobile Communications, John Wiley and 35 ception equipment having a plurality of antennae. 
Sons." According to yet another important aspect of the 

In the case that a mobile transmission and reception present invention in a diversity transmission and recep- 
equipment of small size is required like a cordless tele- tion method wherein digital communications are per- 
phone and a portable telephone, space diversity could formed between one transmission and reception equip- 
not be adopted in the radio in the mobile side, because 40 ment having a plurality of antennae and another trans- 
it is difficult to install a plurality of antennae. mission and reception equipment having a single an- 

Accordingly, it is an object of the present invention tenna, the diversity transmission and reception method 
to provide an improved diversity transmission and re- comprises transmitting a frame signal from the one 
ception equipment which is capable of eliminating the transmission and reception equipment, the frame signal 
need for using a plurality of antennae in a mobile trans- 45 including at least a first signal interval which is trans- 
mission and reception equipment, being easily made a mined from one antenna selected from the plurality of 
smalt size, and overcoming fading. antennae and a second signal interval which is transmi t - 

Another object is to provide an improved diversity ted with time division from the plurality of antennae in 
transmission and reception method which is capable of a predetermined sequence; discriminating signals of the 
eliminating the need for using a plurality of antennae in 50 second signal interval of the frame signal transmitted 
a mobile transmission and reception equipment, being from the one transmission and reception equipment, by 
easily made a small size, and overcoming fading. the another transmission and reception equipment, and 

transmitting an optically received signal information as 
SUMMARY OF THE INVENTION a Section control signal from the another transmission 

According to one important aspect of the present 55 and reception equipment; selecting an antenna for re- 
invention, in an antenna-selection diversity transmission ception from the plurality of antennae of the one trans- 
and reception equipment which is in digital communica- mission and reception equipment by diversity antenna 
tion with a transmission and reception equipment hav- selection, and selecting an antenna for transmission 
ing a single antenna, and performs transmission and from the plurality of antennae of the one transmission 
reception with time division by using the same radio 60 and reception equipment by reception of the selection 
frequencies, the antenna-selection diversity transmis- control signal transmitted from the another transmission 
tion and reception equipment comprises a plurality of and reception equipment. 

antennae; a receiving part having receiving means, BRIEF DESCRIPTION OF THE DRAWINGS 
comparing means and selecting means which are 

adapted for a receiving-antenna selection diversity; and 65 The above and other objects and advantages will 
a transmitting part having memory means for storing become apparent from the following detailed descrip- 
antenna information that was selected by the receiving tion when read in conjunction with the accompanying 
part; an antenna for transmission being selected from drawings wherein: 
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FIG. 1 is a schematic block diagram showing the 
principle of the present invention which is applied to 
the embodiments of FIGS. 3A and 4; 

FIGS. 2A and 2B schematically illustrate the trans- 
mission sequence of signal formats according to the 5 
embodiments of FIGS. 3A and 4; 

FIG. 3A is a block diagram of a first embodiment of 
the present invention; 

FIG. 3B is a block diagram of a control circuit in 
which a postamble signal may be used; 10 

FIG. 4 is a block diagram of a second embodiment of 
the present invention; 

FIG. 5 is a schematic block diagram showing the 
principle of the present invention which is applied to 
the embodiments of FIGS. 7 and 8; 15 

FIG. 6A shows a signal format of down direction 
(from base station to mobile station) which is used in the 
embodiments of FIGS. 7 and 8; 

FIG. 6B shows a signal format of up direction (from 
mobile station to base station) which is used in the em* 
bodiments of FIGS. 7 and 8; 

FIG. 7 is a block diagram of the embodiment of a 
transmission and reception equipment of a base station, 
which is constructed in accordance with the principle 
of FIG. 5; and 

FIG. 8 is a block diagram of the embodiment of a 
transmission and reception equipment of a mobile sta- 
tion, which is constructed in accordance with the prin- 
ciple of FIG. 5. 30 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 of the accompanying drawings schematically 
illustrates the principle of the present invention. In FIG. 35 
1, a transmission and reception equipment of a base 
station indicated by reference numeral 10 has a plurality 
of antennae 11 and 12, a switching part 13, a transmit- 
ting part 14, and a receiving part 15. A transmission and 
reception equipment 16 of a mobile station has a single 43 
antenna 17. 

In the transmission and reception between the base 
and mobile stations shown in FIG. 1, the same radio 
frequency fl is used, the transmission and the reception 
are not performed at the same time in the same transmis- 45 
sion and reception equipment, and the transmission (up 
direction) to the base station from the mobile base sta- 
tion and the transmission (down direction) to the mobile 
station from the base station are performed at different 
time intervals. SO 

The format of signals to be transmitted is a like frame 
signal in both the directions of the up direction (from 
mobile station to base station) and the down direction 
(from base station to mobile station). 

The present invention can employ either of the two 55 
signal formats in A and B shown on the right side of 
FIG. 1. The frame signal of the format A is constituted 
by a preamble signal 18 (indicated by PA) and an infor- 
mation signal 19 (indicated by DATA). The length of 
the frame signal is set so that it becomes shorter than the 60 
cycle of fading. The frame signal of the format B is 
constituted by a preamble signal 18 (indicated by PA), 
an information signal 19 (indicated by DATA) and a 
postamble signal 20 (indicated by POA), and is a signal 
format wherein the postamble signal is further added to 65 
the frame signal of the format A. Likewise, the length of 
the frame signal of the format B is set so that it becomes 
shorter than the cycle of fading. 



4 

In the case that, with the use of the signal format A, 
signals are received in the transmission and reception 
equipment 10 of the base station, the preamble signals 18 
are received by the antennae 11 and 12 and transmitted 
through the switching part 13 to receiving means 61 and 

62 of the receiving part 15, respectively, in which the 
respective signal levels are detected. The detected sig- 
nal levels are compared in comparing means 63, and the 
result is supplied as a reception-selection control signal 
to selecting means 64 and 65. As a result, among the 
signals received from the two antennae 11 and 12, the 
information signal obtained from the antenna that is 
higher in signal level is used as a reception signal. At 
this time, the comparison result in the comparing means 

63 is stored in memory means 52 of the transmitting part 
14. 

Although in FIG. 1 two receiving means 61 and 62 
are provided for the purpose of explaining the principle 
of the present invention, the reception-selection control 
signal can be obtained by using one receiving means 
with time division, switching the received signals of the 
antennae 11 and 12 and detecting them (during the 
interval of preamble signal), and comparing the respec- 
tive received levels (the previously received level has 
been stored). 

In the case that the transmission from the base (fixed) 
station is performed, a transmission signal from trans- 
mitting means 51 of the transmitting part 14 is transmit- 
ted through the switching part 13 from one of the anten- 
nae 11 and 12. In that case, since the above described 
reception-selection control signal produced from the 
comparing means 63 of the receiving part 15 is stored in 
advance in the memory means 52 of the transmitting 
part 14, the switching part 13 performs switching opera- 
tion at the time of transmission in accordance with the 
reception-selection control signal, and an antenna se- 
lected 11 or 12 is used as an antenna for transmission. 

In the case that the signal from the mobile station is 
received with the use of the signal format B f the selec- 
tion control for receiving the information signal by 
reception of the preamble signals 18 and comparison of 
the received signal levels at that time is the same as the 
case of the signal format A. 

If the postamble signal 20 is received following the 
information signal 19, the postamble signal 20 is then 
detected by the selecting means (64 or 65) of the receiv- 
ing part 15 that was selected by the preamble signal 18. 
By this, the comparison of the signal levels received in 
the receiving means 61 and 62 of the receiving part 15 is 
performed by the comparing means 63. This comparing 
operation is performed in the same way as the above 
comparison of the preamble signal 18, and information 
representing an antenna of higher signal level is stored 
as the comparison result in the memory means 52. In the 
case that the signal format B was employed, the switch- 
ing part 13 is switched at the time of transmission by the 
information stored in the memory means 52 and repre- 
senting an antenna of higher signal level at the time of 
the postamble signal 20 reception, and transmission is 
performed from the antenna of higher signal level. 

FIG. 2A and 2B illustrate the transmission sequence 
of signal formats according to the present invention. 
FIG. 3 A is a schematic block diagram of a first embodi- 
ment of the present invention, and FIG. 3B is a block 
diagram of a control circuit in the case that a postamble 
signal is used. FIG. 4 is a schematic block diagram of a 
second embodiment of the present invention. Embodi- 
ments to be described hereinafter are applied to a digital 
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transmission system that performs the communication 
between a base station and a mobile station, for exam- 
ple, a cordless telephone system. 

FIG. 2A shows the transmission sequence by the 
frame signal constituted by a preamble signal (PA) and 
an information signal (DATA), while FIG. 2B shows 
the transmission sequence by the frame signal consti- 
tuted by a preamble signal (PA), an information signal 
(DATA) and a postamble signal (POA). 

In FIGS. 2A and 2B, reference numerals 21, 23 and 
24, 26 are frame signals of the up direction from a mo- 
bile station (indicated by MS) to a base station (indi- 
cated by BS), respectively, and 22, 25 are frame signals 
of the down direction from the base station to the mo- 
bile station, and communications are alternately per- 
formed between the base and mobile stations. An infor- 
mation signal (indicated by DATA) of the frame signal 
is a data signal, or digitized signal of a voice signal. 

The length of a signal transmitted at if time, that is, 
the length of the frame signal is set so that it becomes 20 
sufficiently shorter than the fading cycle resulting from 
the movement of the mobile station and the like. Conse- 
quently, the intensity of received signals does not vary 
during transmission of one frame signal, and a case is 
few where diversity effect to be described hereinafter is 25 
reduced. 

Even in the case of a voice signal, by digitizing it 
once, the voice signal can be easily made a frame signal. 
It is considered that, in the case of a cordless telephone, 
a voice coding speed is in the order of 32 Kbit/s because 
of ADPCM (Adaptive Delta Pulse Code Modulation) 
system. A transmission speed in radio channels is in the 
order of 70 Kbit/s, in view of up and down communica- 
tions, and further the preamble signal portion. If a frame 



30 



35 (indicated by D/A), which outputs a received analog 
voice signal to the output terminal 66. 

It will be clear from the foregoing description that, in 
the transmission and reception equipment of the base 
station of the first embodiment of FIG. 3A, after detec- 
tion, a selection diversity reception is performed. 

The signal branch that has been selected by the con- 
trol circuit 36 is stored immediately before completion 
of the receiving operation, and used in the selection of 
a transmitting antenna in a transmitting operation to be 
described hereinafter. 

In the transmitting operation, an analog voice signal 
inputted to the input terminal 67 is converted into a 
digital signal by an analog/digital converter 39 (indi- 
cated by A/D). This digital signal is formed into a frame 
signal, together with a preamble signal, and then modu- 
lated by a modulator 38 (indicated by MOD). The mod- 
ulated wave signal is inputted to a transmitting circuit 
37 (indicated by TX) that performs frequency conver- 
sion and amplification, and to a switching circuit 34-2. 

As described previously, the control circuit 36 has 
stored the signal branch that was selected at reception 
immediately before transmission, and outputs a control 
signal to the switching circuit 34-2 for selecting an an- 
tenna belonging to the selected signal branch. It is here 
assumed that, for the sake of convenience, the signal 
branch including the antenna 306 has been selected. At 
this time, the transmission signal is outputted by the 
switching circuit 34-2 to the circulator 316, which 
transmits it through the antenna 306. 

FIG. 3B shows a control circuit in the case that the 
postamble signal was used. 

In the case that the format of FIG. 2B was used, the 
selection of a demodulation circuit by reception of the 



length is in the order of 300 bit, it is considered that the 35 preamble signal is performed in reception, and the re 



frame length is sufficiently shorter as compared to the 
fading cycle, since transmission of one signal is com- 
pleted for 5 milliseconds. 

FIG. 3A illustrates the first embodiment of the pres- 
ent invention. An output terminal 66 and an input termi- 
nal 67 of the transmission and reception equipment of 
the base station of FIG. 3A are connected to a wire (not 
shown). Antennae 30a and 306 are spaced apart from 
each other, and consequently signals received to the 
antennae 30a and 306 are not correlated. 

The receiving operation will be described hereinaf- 
ter. In the case that the frame signals 21 and 23 of the 
format of FIG. 2A are received from the mobile station, 
the signals that were received to the antennae 30a and 



ception of the information signal (DATA) is done by 
the structure of FIG. 3B, as in the case of the above 
described format A. If the postamble signal (POA) is 
received following the information signal (DATA), this 
40 signal is detected at a control circuit 36' of FIG. 3B. 
That is, if the postamble signal is detected at a detec- 
tion circuit 361 of the control circuit 36', the outputs of 
the two receiving circuits 32a and 326 are compared at 
a comparison circuit 362, information representing the 
45 output of higher signal level is stored as a comparison 
result in a memory 363. 

In the case of transmitting from this base station, the 
information stored in the memory 363 of the control 
circuit 36' at the time of the above described postamble 



306 are inputted through circulators 31a and 316 to 50 signaljreception is outputted byj ^^^|. 0 ^ s ^' 
receiving circuits 32a and 326 (indicated by RX and * * '" r ^ *~ **"" '"~ f ~*""~ 

RX), respectively, wherein frequency conversion, band 
limit and amplification are performed. Outputs of the 
receiving circuits 32a and 326 are inputted demodula- 
tion circuits 33a and 336 (indicated by DEM and 
DEM), respectively, and also portions of the outputs 
are inputted to a control circuit 36 (indicated by 
CONT). The demodulation circuits 33a and 336 each 
. perform the demodulation and interpretation of digital 
signals, and the parsing of frame signals. 

The control circuit 36 measures the output signal 
levels of the receiving circuits 32a and 326 and performs 
the comparison therebetween. As a result of the com- 
parison, a control signal that selects a demodulation 



55 



60 



tion. That information is inputted to the switching cir- 
cuit 34-2 of FIG. 3A to select a corresponding antenna. 

Thus, if the postamble signal is used, since an antenna 
is selected by receiving the postamble signal added to 
the end of the frame that the mobile station (MS) trans- 
mitted immediately before the transmission from the 
base station, the selection can be more accurately per- 
formed as compared with the selection by the preamble 
signal. 

Since radio frequencies are the same in transmission 
and reception, if a signal is transmitted from the antenna 
of the signal branch selected upon reception, the trans- 
mission to the mobile station from the base station then 
has a transmission diversity effect because of the revers- 



circuit connected to a signal branch higher in signal 65 ibility of transmission and reception. Since in the em 



level, is outputted to a switching circuit 34-1 (indicated 
by SW). The output of the demodulation circuit se- 
lected is inputted to a digital/analog conversion circuit 



bodiment of FIG. 3A the signal frame length is suffi- 
ciently shorter than the cycle of fading, even if the 
selection of antennae is fixed to the antenna selected 
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prior to transmission, a reduction in the diversity effect 
caused by this can be neglected. 

FIG. 4 shows the second embodiment of the present 
invention. In the case that the frame signal of the format 
of FIG. 2A is used, since the transmitting operation is 
the same as that of the first embodiment of FIG. 3A, a 
description of this part will not be given. 

In the receiving operation, if a control circuit 46 
receives a preamble signal by monitoring an output 
signal of a demodulation circuit 44, the control circuit 
46 measures the signal level of an output signal of a 
receiving circuit 43 only for a predetermined time inter- 
val (preferably, about half of a preamble signal time). 
The control circuit 46 also stores the value of the signal 
level, along with a signal branch that has been selected. 

Next, the control circuit 46 outputs a switching signal 
to a switching circuit 42*1 to select the other signal, and 
measures the signal level in a similar way., The value of 
the received level is also stored along "with a signal 
branch that has been selected. The values of the signal 
levels stored are then compared, and a control signal 
that selects a signal branch having a larger value is 
outputted to a switching circuit 42*2, which holds the 
signal branch. 

The second embodiment has its advantages in that, in 
addition to structural simplicity of the receiving circuit 
43, the switching of antennae can be performed in the 
interval of the preamble signal. Consequently, this em- 
bodiment is advantageous in signal error characteristics, 3Q 
since switching noises occurring at the time of antenna 
switching do not occur in the information signal portion 
of the frame signal 

The transmission and reception of the frame signal of 
the format shown in FIG. 2B will now be described 35 
with reference to the structure of FIG. 4. 

The receiving operation of the preamble signal and 
information signal is the same as that of the format 
shown in FIG. 2 A. In the reception of the postamble 
signal, if the reception of the postamble signal is started, 40 
the signal level of the output of the receiving circuit 34 
is measured only for a predetermined time interval 
(about half of the postamble signal time), and a signal 
branch that has been selected is stored together with the 
value of the measured signal level. If the predetermined 45 
time interval passes, the switching circuit 42-1 is 
switched and the received level of the other antenna is 
measured, and a signal branch that has been selected is 
stored with the value of the measured level. The values 
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In the communications between the base and mobile 
stations shown in FIG. 5, the transmission (down direc- 
tion) to the mobile station from the base station is per- 
formed by a radio frequency fl, the transmission (up 
direction) to the base station from the mobile station is 
performed by a radio frequency fZ (different from fl), 
and the communications in both the directions can be 
performed at the same time. 

As shown on the upper portion of FIG. 5, a transmis- 
sion signal in the down direction is a frame signal that 
includes a first signal interval 81 and a second signal 
interval 82. The first signal interval 81 is transmitted 
from one transmitting antenna 91 or 92, while the sec- 
ond signal interval 82 is time divided and transmitted in 
sequence one by one from a plurality of antennae 91 and 
92. As shown similarly on the upper portion of FIG. 5, 
a transmission signal in the up direction is a frame signal 
that includes at least a selection control signal 83. 

The signal transmitted from the transmission and 
reception equipment 96 of the mobile station is received 
in the antennae 91 and 92 of the the transmission and 
reception equipment 90 of the base station. The outputs 
of the two antennae 91 and 92 are inputted to the receiv- 
ing part 95, and compared and discriminated in recep- 
tion-level discriminating means 152. If the reception- 
level discriminating means 152 detects a higher recep- 
tion level, it then outputs an indicating signal to receiv- 
ing-antenna selecting means 153, which selects one of 
the outputs of the receiving antennae 91 and 92 and 
selects and controls an antenna output from which an 
information signal (data signal or digitalized analog 
signal) is picked out. When this occurs, in the receiving 
part 95, the selection control signal 83 included in the 
received signal is detected and supplied to the transmit- 
ting part 94 by selection-control -signal detecting means 
151. 

In the transmitting part 94, first-signal-interval trans- 
mitting means 142 controls the switching of the switch- 
ing part 93 in such a manner (hat transmission informa- 
tion is transmitted at the first signal interval 81, and that 
the first signal of the first signal interval 81 is transmit- 
ted from the antenna thai has been assigned by the selec- 
tion control signal 83 detected in the selection-control- 
signal detecting means 151 of the receiving part 95. 
Second -signal-interval transmitting means 143 also con- 
trols the switching of the switching part 93 in such a 
manner that the second signal of the second signal inter- 
val 82 is time shared and transmitted in sequence from a 



of the signal levels stored are then compared, and a 50 plurality of the antennae 91 and 92 



signal that represents a signal branch of higher signal 
level is stored. 

In the case of transmitting after the reception, the 
signal that represents a signal branch of higher signal 
level is outputted to the switching circuit 42-2, and the 55 
transmission is performed through a corresponding 
antenna. 

FIG. 5 schematically shows the principle of the pres- 
ent invention which is applied to the embodiments of 



The transmission and reception equipment 96 of the 
mobile station receives the transmission signals from the 
base station. It can be considered that the first signal of 
the first signal interval 81 among that transmission sig- 
nals is one which is transmitted from the antenna that is 
selected by the selection control signal 83 transmitted 
from the mobile station immediately before the recep- 
tion, and which has a signal level over a certain degree. 
In the receiving part 98 of the mobile station, reception 



FIGS. 7 and 8. In FIG. 5, a transmission and reception 60 information 180 included in the signal of the first signal 



equipment provided in a base station (fixed station) 
indicated by reference numeral 90 comprises a plurality 
of antennae 91 and 92, a switching part 93, a transmit- 
ting part 94, and a receiving part 95. A transmission and 
reception equipment 96 (another transmission and re- 
ception equipment) provided in a mobile station com- 
prises a single antenna 99, a transmitting part 97, and a 
receiving part 98. 



65 



interval 81 is picked out. 

If the time-shared signals of the second signal interval 
82 are received following the first signal of the first 
signal interval 81, they are then stored, and when all the 
second signals are received, the values thereof are com- 
pared and discriminated in level comparing means 181. 
When a signal of highest level is discriminated, it is 
transmitted as a selection control signal from selection- 
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control-signal transmitting part 171, together with (indicated by DEM), wherein processing such as de- 
transmission information 170. modulation interpretation of digital signals is per- 

As described above, the transmission signals from the formed. The output of the demodulating circuit 114 is 

base station can be always received satisfactorily in the inputted to a demultiplexer 115 (indicated by DEM), 

mobile station by receiving, in the transmission and 5 wherein it is parsed into the preamble signal P, informa- 

reception equipment 96 of the mobile station, the signals tion signal DATA and antenna-selection control signal 

of the second signal interval 82 transmitted from a plu- C. The information signal DATA is inputted to a digi- 

rality of the antennae 91 and 92 of the base station, tal/analog converter 116 (indicated by D/A), which 

discriminating which signal can be received satisfacto- outputs a received analog signal to an output terminal 

rily, and transmitting the result to the base station. 10 200. 

FIG. 6A shows a signal format of down direction The operation of the control circuit 117 at the time of 

(from base station to mobile station) where Po indicates reception is performed as follows. If the frame signal 

a preamble signal, DATA an information signal to be shown in FIG. 6B is transmitted from the mobile sta- 

transmitted and a data signal or a digital signal into tion, a portion of the output signal of the receiving 

which an analog voice is converted, and PI and P2 IS circuit 113 of the base station is then inputted to the 

postamble signals. The signals are transmitted as a frame control circuit 117. If, by monitoring the output signal 

signal. The frame length is selected to be sufficiently level of the receiving circuit 113, it is found that the 

shorter than the cycle of fading resulting from move- reception of the preamble signal P was started, the 

ment of the mobile station. In FIG. 6A/BS indicates a control circuit 117 then measures the received level 

base station, and MS a mobile station. < 20 only for a predetermined time, for example, for a period 

The preamble signal Po and the information signal of half time of the preamble signal P. 
DATA are the signal of the first signal interval 81 After elapse of that time, the route including a receiv- 
shown in FIG. 5, while the postamble signals PI and P2 ing antenna that has been selected at that time and the 
are separated from each other and transmitted individu- measured signal level are stored. Thereafter, by switch- 
ally from two antennae and are the signals of the second 25 ing the control signal 220, a signal that switches the 
signal interval 82 shown in FIG. 5. selected route is outputted to the switching circuit 

FIG. 6B shows a signal format of up direction (from 112-1. 

mobile station to base station) where P indicates a pre- If the switching of the switching circuit 112-1 is com- 

amble signal, C a selection control signal, and DATA pleted, the output signal level of the receiving circuit 

an information signal. 30 113 is then measured If a predetermined time passes and 

FIG. 7 is a block diagram of an embodiment of a the measurement of the signal level is completed, the 

transmission and reception equipment of a base station route and the measured signal level are then stored, 

according to the present invention. In FIG. 7, reception This signal level is compared with the previously mea- 

signal and transmission signal are connected to a wire sured signal level, and a control signal is outputted to 

(for example, telephone switched network). The frame 35 the switching circuit 112-1 to select a route correspond- 

signal shown in FIG. 6A is transmitted from the base ing to the higher signal level. Thereafter, by monitoring 

station. If the length of the frame signal is set so that it the output signal of the demultiplexer 115, the above 

becomes shorter than the cycle of fading, the intensity operation is repeated each time the preamble signal P is 

of reception signal will do not vary during transmission received. 

of one frame signal, and a case will be few where diver- 40 As will be understood from the foregoing descrip- 

sity effect to be described hereinafter is reduced. tion, the base station of the present invention performs 

In the transmission of up direction (from MS to BS), antenna-selection diversity reception, 
antenna-selection diversity reception is performed using The received antenna-selection control signal C has 
antennae 110a and UOb of the base station. In the trans- been outputted from the demultiplexer 117 to the con- 
mission of down direction (from BS to MS), the signal 45 trol signal 117 and stored. As will be described hereinaf- 
interval of the information signal is selected depending ter, this control signal C is used in the antenna selection 
upon a signal that was transmitted from the mobile at the time of transmission. 

station by the previous transmission of up direction. In A transmission analog signal inputted to an input 

the signal interval of the postamble signals PI and P2 terminal 210 is converted into a digital signal by an 
that are transmitted from either one of the antennae and 50 analog/digital converter 121 (indicated by A/D). This 

divided into two, the signal PI is transmitted from one signal is multiplexed by a multiplexer 120 (indicated by 

antenna and the signal P2 from the other antenna. MUX), together with a preamble signal Po and postam- 

The antennae 110a and UOb are spaced apart from ble signals PI, P2, and the multiplexed signals are then 

each other, and therefore the signals received to these inputted to a modulator 119 (indicated by MOD), 
antennae are substantially not correlated. The signals 55 wherein they are modulated. The modulated wave sig- 

that were received to the antennae 110a and 1106 are nals perform amplification, frequency conversion and 

respectively inputted through antenna shared units 111a so on, and are inputted through a transmitting circuit 

and lllb (indicated by DUP and DUP) to a switching 118 (indicated by TX) to a switching circuit 112-2. 

circuit 112-1 (indicated by SW). The switching circuit As described previously, the preamble signal Po and 
112-1 selects one of the two input signals in response to 60 the information signal DATA axe transmitted from the 

a control signal 220 outputted from a control circuit 117 antenna that is determined by the antenna-selection 

(indicated by CO NT), and outputs it to a receiving control signal C that has been stored in the control 

circuit 113 (indicated by RX). This operation will here- circuit 117, while the postamble signals PI and P2 are 

inafter be described in detail. respectively transmitted from the transmitting antennae 

In the receiving circuit 113, operations such as fre- 65 110a and 1106 in a predetermined sequence. For exam- 

quency conversion, band limit and amplification are pie, after the signal PI is transmitted from the transmit- 

perforraed. A portion of the output of the receiving ting antenna 110a, the signal P2 is transmitted from the 

circuit 113 is inputted to a demodulating circuit 114 transmitting antenna 1106. In order to provide a cycle 
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for this, the multiplexer 120 outputs a control signal to 
the control circuit 117. The preamble signal Po is a 
signal for normal clock playback or carrier playback. 
As long as the postamble signals PI and P2 can be used 
in the measurement of reception signal levels, they can 
be any signals, for example, carrier signals that are not 
demodulated. 

FIG. 8 is a block diagram of a transmission and recep- 
tion equipment of a mobile station according to the 
present invention. The reception signal that was re- 
ceived to an antenna 130 and passed through an antenna 
shared unit 131 (indicated by DUP) is inputted to a 
receiving circuit 132 (indicated by RX) which performs 
frequency conversion, band limit, amplification and so 
on. A portion of the output of the receiving circuit 132 
is demodulated and discriminated in a demodulating 
circuit 133 (indicated by DEM), and then separated into 
a preamble signal, an information signal and a postamble 
signal by a demultiplexer 134 (indicated by DMX). 

The information signal is inputted to a digital/analog 
convener 135 indicated by D/A), and an analog voice 
signal is obtained in an output terminal 550. According 
to the postamble signals PI and P2, the demultiplexer 
134 outputs a control signal to a control circuit 136 
(indicated by CONT), which measures the output signal 
levels of the receiving circuit 132. 

The control circuit 136 compares the reception levels 
measured corresponding to the postamble signals PI 
and P2, and assigns the postamble signal higher in re- 
ception level. That is, a signal that assigns an antenna 
from which the postamble signal of higher reception 
level is transmitted is stored as an antenna-selection 
control signal. 

A transmission analog voice signal inputted to an 
input terminal 600 is convened into a digital signal by 
an analog/digital converter 140 (indicated by A/D), 
and then multiplexed by a multiplexer 139 (indicated by 
MUX), together with a preamble signal and the anten- 
na-selection control signal stored in the control circuit +q 
136, and outputted to a modulating circuit 138 (indi- 
cated by MOD). 

The output of the modulating circuit 138 is inputted 
to a transmitting circuit 137 (indicated by TX) which 
performs amplification, frequency conversion and the 45 
like, and transmitted through the antenna shared unit 
131 from the antenna 130. 

As described above, in the present invention shown in 
FIGS, 5-8, the transmission to the mobile station from 
the base station is a transmit ting-antenna switching di- so 
versity method. 

In the present invention shown in FIGS. 5-8, even if 
a transmitting antenna is selected in accordance with 
the measurement result transmitted from the mobile 
station, reduction in diversity effect can be neglected, 55 
since the signal frame length is sufficiently short. 

While certain representative embodiments and details 
have been shown for the purpose of illustrating the 
invention, it will be apparent to those skilled in this art 
that various changes and modifications may be made 60 
therein without departing from the scope of the inven- 
tion. 

What I claim is: 

1. In an antenna-selection diversity transmission and 
reception equipment which is in digital communication 65 
with a transmission and reception equipment having a 
single antenna, and performs transmission and reception 
with time division by using the same radio frequencies, 
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20 



25 



30 



35 



said antenna-selection diversity transmission and recep- 
tion equipment comprising: 
a plurality of antennae for receiving frame signals 
from said transmission and reception equipment 
having a single antenna, each of said frame signals 
being constituted by at least a preamble signal, an 
information signal and a postamble signal; 
a receiving part having receiving means for detecting 
signal levels of the received frame signals and com- 
paring means for generating antenna selection in- 
formation by comparing the detected signal levels, 
said antenna selection information being generated 
at the time at least said postamble signal was re- 
ceived; and 

a transmitting part having memory means for storing 
said antenna selection information transmitted by 
said comparing means of said receiving part; and 

means to select an antenna for transmission from said 
plurality of antennae at the time of transmission in 
accordance with said antenna selection information 
of said memory means. 

2. An antenna-selection diversity transmission and 
reception equipment as set forth in claim 1, wherein said 
antenna-selection diversity transmission and reception 
equipment is provided in a base station, and said trans- 
mission and reception equipment having a single an- 
tenna is provided in a mobile station. 

3. A diversity transmission and reception equipment 
which performs digital communications with a trans- 
mission and reception equipment having a plurality of 
antennae and transmitting a frame signal including at 
least a first signal interval which is transmitted from one 
antenna selected from said plurality of antennae and a 
second signal interval which is transmitted with time 
division from said plurality of antennae in a predeter- 
mined sequence, comprising: 

a single antenna for receiving said frame signal; 

a receiving part for receiving each of signals of said 
second signal interval transmitted from said plural- 
ity of antennae and received to said single antenna, 
the receiving part having level comparing means 
for detecting a signal of highest level from said 
received signals of said second signal interval and 
transmitting said signal of highest level as a selec- 
tion control signal; and 

a transmitting part having a selection-control-signal 
transmitting part to which said selection control 
signal is inputted, the selection control signal being 
transmitted through said single antenna to said 
transmission and reception equipment having a 
plurality of antennae. 

4. A diversity transmission and reception equipment 
as set forth in claim 3, wherein said diversity transmis- 
sion and reception equipment is provided in a mobile 
station, and said transmission and reception equipment 
having a plurality of antennae is provided in a base 
station. 

5. In a diversity transmission and reception method 
wherein digital communications are performed between 
first transmission and reception equipment having a 
plurality of antennae and. second transmission and re- 
ception equipment having a single antenna, the im- 
provement wherein said diversity transmission and re- 
ception method comprises: 

transmitting a frame signal from said first transmis- 
sion and reception equipment, the frame signal 
including at least a first signal interval which is 
transmitted from one antenna selected from said 



03/11/2004, EAST Version: 1.4.1 



13 



5,097,484 



14 



plurality of antennae and a second signal interval 
which is transmitted with time division from said 
plurality of antennae in predetermined sequence; 
discriminating signals of said second signal interval of 
said frame signal transmitted from said first trans- 
mission and reception equipment, by said second 
transmission and reception equipment, and trans* 
mining a signal most satisfactory among said sig- 
nals of said second signal interval, as a selection 



rality of antennae of said , first transmission and 
reception equipment by reception of said selection 
control signal transmitted from said second trans- 
mission and reception equipment. 

6. A diversity transmission and reception method as 
set forth in claim 5, wherein said second signal interval 
of said frame signal is provided after said first signal 
interval. 

7. A diversity transmission and reception method as 



control signal from said second transmission and 10 set forth in claim 5, wherein said first transmission and 



reception equipment; 
selecting an antenna for reception from said plurality 
of antennae of said first transmission and reception 
equipment by diversity antenna selection, and se- 
lecting an antenna for transmission from said plu- 



15 



reception equipment having a plurality of antennae is 
provided in a base station, and said second transmission 
and reception equipment having a single antenna is 
provided in a mobile station. 
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